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(57) Abstract 

In a combustion apparatus having a structure which 
includes a combustion furnace portion (1), a free board por- 
tion (2) continuing from the combustion furnace portion (1) 
and a post-combustion chamber (3) continuing from the free 
board portion (2) and wherein the post-combustion chamber 
(3) is disposed deviated from the position immediately above 
the free board portion (2), the combustion apparatus of this 
invention includes a plurality of pipes (4-2) disposed in par- 
allel with a predetermined gap between them and near the 
boundary between the free board portion (2) and the post- 
combustion chamber (3) and gas blow means (4) equipped 
with gas jet holes (4-3) for blowing a gas such as air in a di- 
rection opposite to a combustion gas flowing to a discharge 
port, in each of the pipes (4-2). According to this structure, 
the gas blow means (4) blows the gas in such a manner as to 
counter the combustion gas ko that a great swirl flow consist- 
ing of the mixture of the combustion gas and the blown gas 
occurs at the free board portion (2), an unburnt gas and the 
combustion air are mixed sufficiendy inside the free board 
portion (2) and complete combustion is accomplished. 
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COMBUSTION APPARATUS AND COMBUSTION 
CONTROL METHOD FOR THE SAME 



Background of the Invention 

1 . Field of the Invention 

The present invention relates to a 
combustion apparatus for protecting an exhaust 
of slight hazardous substances, such as dioxin 
and the like, and also carrying out a combustion 
at a high combustion efficiency by carrying out 
the combustion of a high temperature and a high 
efficiency at a low air ratio, in a combustion 
apparatus, such as a combustion furnace and the 
like, for combusting wastes, such as city refuses 
and the like, and a combustion control method 
forthesame. 

2. Description of the Related Art 

In recent years, the diversification of a 
distributing system and the like causes the 
increase in plastic, fiber, paper and the like in 
city refuses. Consequently, the city refuses 

gradually exhibit the tendency of high calorie. 

In a case of the plastic and the like, at a 
time of a combustion process, a locally high 
temperature and heat generation causes the 
damage to a refractory material and the 
occurrence of a clinker, which disturbs the 



continuous operation of a furnace and the rated 
amount combustion of the refuses. Thus, there 
is a separating method as a substance 
unsuitable for combustion. However, it is 

difficult to perfectly separate the plastic and 
the like from the city refuses. Also, if the 
separated plastic and the like are used for 
embedding without any combustion, the 
substance which may serve as a valuable energy 
source is embedded and treated without any 
execution of effective utilization. 

Also, when the high calorie refuse is 
combusted and processed in its original state, a 
gas temperature at a furnace outlet is kept at 
700 °C to 950 °C. Thus, it must be cooled by 
using a large amount of air or atomized water. 
Actually, the furnace is made larger. Here, 
the lower limit value (700 °C) of the gas 
temperature at the furnace outlet is mainly set 
in order to protect bad odor. Also, the high 
limit value (950 °C) is set from the viewpoint of 
the furnace operation so that a trouble is not 
brought about when dust melted at the high 
temperature is deposited on a flue and the like 
after an outlet of a combustion room. 

On the other hand, in December 1983, 
hazardous dioxin and the like are detected from 
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a mechanical furnace that is a stoker type 
combustion furnace, and this becomes a social 
problem. The main factor of the occurrence of 
hazardous organic chlorine compounds, such as 
poly-chlo r o_^_cLLe_j be.nzo- para-diox i ji (hereafter, 
referred to as [PCDDs], 

poly - chloro-die-be nzufran j(JPC^ D Fs) that is 
chemically extremely similar to the PCDDs and 
the like is said to be the plastic and the like. 
At present, the occurrence is confirmed 
irrespectively of the type of the combustion 
furnace such as the mechanical furnace, a fluid 
bed furnace and the like. 

Also, the indication that a c h 1 o r o • benze ne 
and the like (CBs) and chloro-p he nol and the 
like (CPs) deeply contribute to the occurrence as 
a precursor is pointed out by many researchers. 
Then, the tendency that the generation amount 
is increased in association with the flow of the 
exhaust gas to the flue from the furnace, namely, 
the drop in the temperature of the exhaust gas, 
and the occurrence caused by an electrical 
discharge effect within an electrical dust 
collector are reported. 

With regard to the generation mechanism 
of the PCDDs and the like within the combustion 
furnace, there are still many unknown portions. 
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However, it is typically said to be generated at 
700 °C or less, and it is said to be decomposed 
by an oxidizing process at 900 °C to 1200 °C. 

In the case of the mechanical furnace, the 
inside of a laminated waste on a stoker at a 
furnace bottom is at a condition baked at 300 °C 
to 400 °C. There is a region in which the 

dioxin is easily generated. Moreover, a 

combustion air ratio is high, such as 2 or more, 
in the mechanical furnace. Thus, a rate cooled 
by air is high. It is difficult to increase the 
temperature at an upper portion of the furnace 
to 12 00 °C unless the heat generation amount of 
the combustion substance is high. Also, the 
high heat generation amount leads to the local 
portion of a very high temperature, which 
results in the problems of the damage to the 
refractory material and the occurrence of the 
clinker. 

In the case of the fluid bed type 
combustion furnace, a furnace bottom is 
constituted by a fluid bed composed of fluid 
medium such as silica sand and the like. 
Usually, it is substantially driven at 700 °C to 
900 °C. Thus, this is advantageous over the 
mechanical furnace. However, in the fluid bed 
type combustion furnace, the inside of the fluid 
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bed is a complexly chemical reaction region. 
Even in the case of the fluid bed, it is difficult 
to say that the generation of the dioxin and the 
like can be surely protected. 

Typically, the fluid bed type combustion 
furnace for combusting and processing the city 
refuses uses the silica sand (Si02) having an 
average particle diameter of about 0.4 to 2.0 mm 
as a fluid medium, and substantially keeps a 
temperature of a fluid bed composed of this 
fluid medium at 7 00 °C to 900 °C, and then 
combusts the city refuses supplied into the fluid 
bed, and again returns the heat generated in 
association with the combustion to the fluid 
medium, and thereby carries out the combustion. 

By the way, the silica sand serving as the 
fluid medium reacts with the following alkaline 
metallic compound and the like under a high 
temperature region, and it becomes, for example, 
silicate of soda (Na20 3SiC>2) in a sh'ape of water 
glass, and the fluidization becomes impossible. 
Thus, the temperature of the fluid bed has the 
limitation based on a combustion process target. 
3Si0 2 + Na 2 C0 3 -> Na 2 0 3Si0 2 + C0 2 
3Si0 2 + 2NaOH 3 — ■ Na 2 0 3Si0 2 + H 2 0 
3Si0 2 + 2Na 2 HCOs -» Na 2 0 3Si0 2 + H 2 0 + 2C0 2 
That is, when the alkaline metallic 
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compound with respect to the fluid medium 
( S i O 2 ) amount is represented by a Na element 
component, if its content weight rate (hereafter, 
referred to as a Na concentration) is about 0.5 % 
or less (in a case of a typical city refuse), the 
material in which the content amount of the 
alkaline metallic compound is great in sludge, 
industrial wastes and the like at maximum 
900 °C and the Na concentration in the fluid 
medium is about 1 % is suppressed to about 
750 °C by considering a somewhat safety. By 
the way, in order to suppress the reaction 
between the sand and the Na2CC>3 and the NaOH, 
the addition of a certain kind of melt 
suppressant as an additive, for example, kaolin, 
enables the content wastes, such as the alkaline 
metallic compound and the like, to be combusted 
and processed in the fluid bed furnace. 
Nevertheless, with regard to the retention 
amount of fluid sand, there is the limit in the 
supply concentration of the alkaline metallic 
compound in the waste per unit time. A dead 
line is known which implies that when it 
exceeds the limit, even if a large amount of melt 
suppressant is added, the fluidization is 
stopped. 

In a test of an experimental furnace of the 
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fluid bed, the Na concentration in the sand when 
the temperature of the fluid medium (SiC>2) was 
about 800 °C and the fluidization through the 
alkaline metallic compound was stopped was 
about 0.6 to 1.8 % although there was a 
difference on the basis of the kind of the 
alkaline metallic compound and the melt 
suppressant. Also, even if the melt 

suppressant is added, when the particle 
diameter of the suppressant is thin, it is 
dispersed simultaneously with the supply into 
the furnace. Thus, there may be a case that 
the effect is not exhibited. Moreover, the 

demerits of a cost-up, an increase in a load on a 
later stage device and the like are severe. 
Hence, this can not act as a powerful approach 
of a measure for the alkaline metallic compound. 

It is known that the coexistence of many 
kinds of alkaline metallic compounds causes the 
occurrence of a eutectic point and that they are 
melted at a temperature lower than a melting 
point of each single alkaline metallic compound. 
This fact is the important item to which an 
attention must be paid, in driving and managing 
the fluid bed furnace. Actually, the amount of 
the alkaline metallic compounds mixed with the 
city refuses can not be regulated. Thus, it is 
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important to manage the temperature of a fluid 
layer. 

Thus, even in the fluid bed combustion 
furnace, it is desired to keep the temperature of 
the fluid bed at 900 °C or less, and set a 
temperature of a free board in an upper portion 
to 900 °C to 1200 °C, and then mix the organic 
chloride compounds of the dioxin and the like 
and the precursors thereof with sufficient 
oxygen, and further carry out the high 
temperature process. 

Also, the melting points of dispersion 
ashes in the combustion furnace for the city 
refuses are about 1 200 °C . If the free board is 
set to 1200 °C or more, a trouble of deposition of 
the dispersion ashes is liable to be induced. 

The present invention is accomplished in 
view of the above mentioned problems. 
Therefore, an object of the present invention is 
to provide a combustion apparatus of a high 
temperature and a high efficiency, which can 
solve the above-mentioned problems induced 
when the wastes, such as the city refuses and 
the like, are combusted by using the combustion 
apparatus of the fluid bed combustion furnace, 
without any occurrence of the hazardous 
substances such as the dioxin and the like, and 
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a combustion control method for the same. 

Summary of the Invention 
In order to attain the above-mentioned 
object, the feature of the present invention lies 
in a combustion apparatus designed such that 
the combustion apparatus includes- a combustion 
furnace; a free board; and a post-combustion 
room following the free board, and the 
post-combust i o n n o m is placed at a position 



deviated from a just top of the free board, 
wherein a gas blower for blowing a gas 
oppositely to a combustion gas flowing towards 
an exhaust port is placed near a boundary 
between the free board and the p o s t - c o m b u s t i o n 
room. 

Also, it is characterized in that the gas 
blower is provided with a plurality of pipes 
arrayed at a predetermined interval and in 
parallel to each other, and a gas discharge hole 
to blow a gas in a direction opposite to the 
combustion gas flowing towards the exhaust port 
is formed in each of the pipes. 

Also, it is characterized in that the gas 
discharge hole formed in each of the plurality of 
pipes is separated for each pipe. 

Also, it is characterized in that the pipe 
is made of j3 silicon carbide sinter. 
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Also, it is characterized in that a high 
temperature heat exchanger linked to the 
post-combustion room is placed, and a gas cooler 
is placed behind it. 

Also, it is characterized in that the 
combustion furnace is a fluid bed furnace, and a 
first air amount blown from a bottom of the 
fluid bed furnace is set at a theoretical air 
amount or less, and a partial combustion of a 
combustion substance is carried out in the fluid 
bed, and a temperature of a fluid bed 
combustion unit is kept at 400 °C to 900 °C . 

Also, it is characterized in that the first 
air blown from the bottom of the fluid bed is 
pre-heated to a predetermined temperature by 
using a two-stage pre-heating unit of an air 
pre-heater and the high temperature heat 
exchanger, and the first air amount is reduced 
to thereby reduce a heat generation amount in 
the fluid bed, and a temperature of the fluid bed 
is kept at 400 °C to 900 °C . 

Also, it is characterized in that a second 
air pre-heated by the high temperature heat 
exchanger is blown into the free board, and an 
air ratio is set to 1.0 to 1.5, and an oxidized 
atmosphere of a high temperature is generated, 
and the gas blower further blows the second air 
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pre-heated by the high temperature heat 
exchanger, and a unburned gas and a combustion 
air are sufficiently mixed, and a combustion of a 
high temperature and a high efficiency of 950 °C 
or more at a total air ratio of 1.2 to 1.7 is 
thereby carried out in the free board and the 
post-combustion room. 

Also, it is characterized in that a 
temperature of the fluid bed, a temperature of 
the free board and a temperature of the 
p o s t - c o m b u s t i o n room are controlled by changing 
an air weight ratio between the first air, a 
second air blown into the free board and a 
second air blown from the gas blower, and 
respective air temperatures. 

Brief Description of the Drawings 
Fig. 1 is a view showing a schematic 
configuration and a flow of a combustion gas in 
a combustion apparatus according to the present 
invention; 

Fig. 2 is a view showing a schematic 
configuration and a flow of a combustion gas in 
a conventional combustion apparatus; 

Fig. 3 is a perspective view showing a 
schematic structure of a gas blower; 

Fig. 4A is a plan view showing an array 
state of a pipe of the gas blower; 



Fig. 4B is its side view; 

Fig. 5A is a plan view showing an array- 
state of a pipe of another gas blower; 
Fig. 5 B is its side view; 

Fig. 6 is a plan view showing an array- 
state of a pipe of still another gas blower; 

Fig. 7 is a plan view showing an array- 
state of a pipe of still another gas blower; 

Fig. 8 is a schematic view showing a 
system configuration of another combustion 
apparatus according to the present invention; 

Fig. 9 is a view showing a computation 
example of a relation between a low level heat 
generation amount and a combustion gas 
temperature when a total air ratio is changed; 

Fig. 10 is a view showing a computation 
example of a relation between a low level heat 
generation amount of a refuse and a combustion 
exhaust gas temperature and a fluid layer 
temperature when a combustion air temperature 
is changed; and 

Fig. 11 is a schematic view showing a 
system configuration of another combustion 
apparatus according to the present invention. 
Description of the Preferred Embodiment 

An embodiment to embody the present 
invention will be described below with reference 
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to the attached drawings. 

Fig. 1 is a view showing a schematic 
configuration and a flow of a combustion gas in 
a combustion apparatus according to the present 
invention. 

1 denotes a fluid bed combustion unit. A 
free board 2 is placed over the fluid bed 
combustion unit 1, and a p o s t * c o m b u s t i o n room 3 
is placed following the free board 2. The 
p o s t - c o m b u s t i o n room 3 is placed at a position 
deviated from a just top of the free board 2. A 
gas blower 4 of a structure having a plurality of 
pipes, which are arranged at a predetermined 
interval and in parallel to each other and will 
be detailed later, is placed near a boundary 
between the free board 2 and the 
p o s t ■ c o m b u s t i o n room 3. A gas discharge hole 
to blow second air oppositely to combustion 
exhaust gas flowing into an exhaust port, which 
will be detailed later, is formed in each pipe of 
the gas blower 4. 

Also, a gas cooler such as a gas cooling 
device or the like (not shown) is placed behind 
the p o s t - c o m b u s t i o n room 3. A portion 

sandwiched by this gas cooler and the gas 
blower 4 corresponds to the so-called 
post-combustion room 3. 
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By the way, 5 denotes a combustion 
substance supplying unit for supplying the 
combustion substance, such as the city refuses 
and the like, into the furnace. 

In the combustion apparatus having the 
above-mentioned configuration, a first air Ai for 
fluidizing a fluid medium is blown from a fluid 
bed bottom of the fluid bed combustion unit 1. 
Also, a second air A2 is blown into the free 
board 2. Moreover, a second air A3 is blown 
into the gas blower 4. 

If the combustion apparatus having the 
above-mentioned configuration does not has the 
gas blower 4, the combustion substances 
supplied into the furnace from the combustion 
substance supplying unit 5 is combusted in the 
fluid bed combustion unit 1. Its combustion 
gas Gi is raised through the free board 2 and 
sent through the post-combustion room 3 into an 
exhaust port (not shown), as shown in Fig. 2. 
Inside the free board 2, the combustion gas Gi 
and the second air A2 blown into the free board 
2 are designed to be mixed to thereby mix 
unburned gas and air. However, the mixture of 
the unburned gas and the air is not sufficiently 
done by this method. The combustion gas Gi 
may be short -passed inside the free board 2 so 



that a stay time is insufficient. 

So, in this embodiment, as shown in Fig. 1, 
the gas blower 4 is placed near the boundary 
between the free board 2 and the 
p o s t * c o m b u s t i o n room 3. Thus, when the 

second air A3 is blown for the combustion gas Gi 
and the second air A2 to be sent to the exhaust 
port from the gas blower 4, the mixed exhaust 
gas G2 of the second air A2 and the combustion 
gas Gi and this second air A3 becomes a large 
circulating flow circulating inside the free 
board 2. Consequently, the unburned gas and 
the combustion air are sufficiently mixed, and 
the short-pass is removed. Hence, the stay 

time inside the free board 2 of the combustion 
gas is also extended. The combustion exhaust 
gas G3 sufficiently mixed with the second air A2 
blown into the free board 2 and the second air 
A3 blown from the gas blower 4 as mentioned 
above is further combusted in the 

post-combustion room 3, and flows towards the 
exhaust port. 

By the way, an air A4 together with the 
combustion substances leaking into the furnace 
from the combustion substance supplying unit 5 
is also mixed with the circulating mixed exhaust 
gas G 2 . 
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Fig. 3 is a perspective view showing the 
schematic structure of the gas blower 4. As 
shown in Fig. 3, near the boundary between the 
free board 2 and the post-combustion room 3, a 
plurality of pipes 4-2, 4-2, ... are arranged at a 
predetermined interval and in parallel to each 
other, on a plane orthogonal to a flow path of 
the combustion gas Gi. The upper portion of 
the plurality of pipes 4-2, 4-2, ... are opened 
and linked to an air supply path 4-1. Air 
discharge ports 4-3, 4-3, ... are formed in the 
pipes 4-2, 4-2, ... so that respective phases are 
separated. The air supplied from the air 

supply path 4-1 is discharged in the direction 
opposite to the combustion gas Gi from the air 
discharge ports 4-3, 4-3, ... of the pipes 4-2, 
4-2, 

The combustion substances such as the 
city refuses and the like are supplied into the 
furnace from a supply port 2a formed on an 
upper wall of the free board 2, and the 
combustion gas Gi is raised through the free 
board 2. This combustion gas Gi is the 

mixture of the combustion gas such as CO2, H2O, 
N2 and the like, the thermally decomposed gas 
of the combustion substance, the unburned 
substance such as unburned carbon, and the air 
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that does not contribute to the combustion. 
The irregularity of the combustion in a 
combustion region causes the respective 
components of the combustion gas Gi to be 
irregularly distributed inside the free board 2. 
Since the second air A3 is blown oppositely to 
the combustion gas Gi from the air discharge 
ports 4-3 of the pipes 4-2 of the gas blower 4, 
the combustion gas Gi becomes the mixed 
exhaust gas G2 mixed with this second air A3. 
As shown in Fig. 1, it becomes the large 
circulating flow circulating inside the free 
board 2. At this time, a different second air 
A2 blown into the free board 2 and the air A 4 
together with the combustion substances leaked 
from the combustion substance supplying unit 5 
are also mixed, as mentioned above. 

In the plurality of pipes 4-2, 4-2, ... of 
the gas blower 4, the air discharge ports 4-3 are 
arranged between the pipes 4-2, 4-2 adjacent to 
each other so that their phases are separated, 
as shown in Figs. 4 A, 4B. The second air A3 is 
blown for a combustion exhaust gas EG (the 
mixed exhaust gas G2 in Fig. l) surely and 
regularly. If this blown direction of the 

second air A3 is set to be opposite to the flow of 
the combustion exhaust gas EG, the combustion 



exhaust gas EG is largely circulated in the free 
board 2. By the way, Fig. 4A is a plan view 
showing an array state of the pipes 4-2, 4-2 of 
the gas blower 4, and Fig. 4B is its side view. 

Also, the gas blower 4 in which the 
plurality of pipes 4-2, 4-2, ... are arranged at 
the predetermined interval and in parallel to 
each other on the plane orthogonal to the flow of 
the combustion exhaust gas EG is placed near 
the boundary between the free board 2 and the 
p o s t - c o m b u s t i o n room 3, as mentioned above. 
Thus, the gas blower 4 provides the action for 
shielding the radiation from the combustion 
exhaust gas EG on the upstream side. Hence, 
it is expected to protect t he dr o p i n the C^tjtf jfy : 
temperature of the radiation. 

In the gas blower 4 having the 
above-mentioned structure, the material of the 
pipe 4-2 may be properly selected on the basis of 
a temperature of the combustion exhaust gas EG, 
a content amount of corrosive substances and 
the like. However, in a case of an exhaust gas 
of a high temperature and a strong corrosive 
property, th e configuratio n^ is desired which is 7 ^ 
composed of one or more kinds of silicon carbide, 
silicon nitride, alumina, zirconia, magnesia, 
SAIARON, co-zeolite, titanium oxide and the 
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like. In particular, j3 SiC is further desired 
from the viewpoint of the strength and the 
thermal shock resistance. 

An angle (0 ) between the flow direction 
of the combustion exhaust gas EG and the 
discharge direction of the second air A3 is 
desired to be set . to 90° ^ 6 ^ 180° , as shown in 
Fig. 5A. If the interval between the pipes 4-2 
is long, d is reduced. However, in order to 
generate the large circulating flow in the free 
board 2 oppositely to the combustion exhaust 
gas EG, 120° ^ 6 ^ 150° is further preferred. 
By the way, Fig. 5A is a plan view showing the 
array state of the pipes 4-2 of the gas blower 4, 
and Fig. 4B is its side view. 

By the way, the shape of the pipes 4*2 of 
the gas blower 4 is not limited to the cylindrical 
shape shown in Figs. 4A, 4B, 5A and 5B. 
However, if it is used under a high temperature 
and ceramic of a brittle material is used as the 
material of the pipes 4-2, the cylindrical shape 
is desired so as not to induce the concentration 
of thermal stress. 

Also, the installation of the pipes 4-2 is 
not limited to the structure in which only one 
row is arrayed on the plane orthogonal to the 
flow of the combustion exhaust gas EG. As 
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shown in Fig. 6, two or more rows may be 
arrayed, and the pipes between the rows may be 
arranged in a shape of. zigzag. 

Moreover, as shown in Fig. 7, it is 
allowable to use the structure in which a plate 
member 4-4 is placed between the pipes 4-2, 4-2. 

By the way, the above-mentioned 
combustion apparatus has been described by 
exemplifying the fluid bed furnace as the 
combustion furnace. However, the present 

invention is not limited to the fluid bed furnace. 
Another furnace such as the mechanical furnace 
or the like can be naturally used if it is the 
combustion furnace for combusting the 
combustion substances such as the city refuses 
and the like. 

Fig. 8 is a schematic view showing a 
system configuration of a combustion apparatus 
according to the present invention. The 
following members of the structure in Fig. 8 are 
similar to those of the combustion apparatus 
shown in Fig. 1. That is, 1 denotes the fluid 
bed combustion unit, 2 denotes the free board, 
and 3 denotes the p o s t - c o m b u s t i o n room. The 
p o s t - c o m b u s t i o n room 3 is placed at the position 
deviated from the just top of the free board 2. 
The gas blower 4 for blowing the gas oppositely 
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to the combustion gas flowing towards the 
exhaust port is placed near the boundary 
between the free board 2 and the 
p o s t - c o m b u s t i o n room 3. 

A high temperature heat exchanger 6 is 
placed in linkage to the p o s t - c o m b u s t i o n room 3, 



and the high temperature heat exchanger 6 and 
a gas cooler 7 are integrated into the single 
unit. Also, the exhaust gas from the gas cooler 
7 is passed through an air pre*heater 8 and a 
dust collector 9 and discharged into atmosphere 
through a chimney 11 by an induction fan 10. 
12 denotes a first air fan. The air sent by the 
first air fan 12 is pre-heated by the air 
pre-heater 8. Then, it is further heated to a 
predetermined temperature (for example, 500 °C) 
and blown into a fluid layer from the bottom of 
the fluid bed combustion unit 1. 13 denotes a 
second air fan. The air sent by the second air 
fan 13 is pre-heated to a predetermined 
temperature by the high temperature heat 
exchanger 6, and it is blown as the second air 
A2 into the free board 2. 

The gas blower 4 has the structure 
substantially similar to that of the gas blower 4 
shown in Fig. 3. The air sent by the second air 
fan 13 is pre-heated to a predetermined 
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temperature by the high temperature heat 
exchanger 6 and blown oppositely to the flow of 
the combustion exhaust gas as the second air A3 
from the air discharge ports of the pipes of the 
gas blower 4. 

In the combustion apparatus having the 
above-mentioned configuration, the amount of 
the first air sent from the bottom of the fluid 
bed combustion unit 1, namely, the amount of 
the air for fluidizing the fluid medium is 
reduced to a theoretical air amount, and the 
combustion substances are supplied into the 
furnace to thereby carry out a partial 
combustion. In this case, because of the 

partial combustion, the generated heat amount 
is reduced to thereby drop the temperature of 
the fluid layer. However, since the first air 
sent from the first air fan 12 is pre-heated to a 
high temperature (for example, 500 °C) by the 
high temperature heat exchanger 6, a 
temperature of the fluid layer is kept at 400 °C 
to 900 °C . In order that the inside of the free 
board 2 is held in oxidized atmosphere at a high 
temperature, the content of the first air Ai and 
the second air A2 is set to 1.0 to 1.5 at an air 
ratio. Moreover, the gas blower 4 blows the 
second air A3 to thereby generate a large 
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circulating flow in the free board 2. Thus, the 
unburned gas and the combustion air are 
sufficiently mixed. Hence, the combustion of 
the high temperature and the high efficiency at 
a total air ratio of 1.2 to 1.7 and 950 <C or more 
is carried out, in the free board 2 and the 
p o s t - c o m b u s t i o n room 3. 

Fig. 9 is a view showing a computation 
example of a relation between a total air ratio m 
and a combustion gas temperature when a first 
air pre-heating temperature is assumed to be 
500 °C and pre-heating temperatures of the 
second air A 2 blown into the free board 2 and 
the second air As 'blown from the gas blower 4 
are assumed to be 20 0 °C . In a conventional 
gas heating type air pre-heater (an exchanger 
for carrying out the heat exchange between the 
ombustion exhaust gas and the combustion air), 
the pre-heating temperature is set to 300 °C or 
less, in order to avoid the high temperature 
corrosion of a heat transfer pipe caused by HC1 
in the exhaust gas. Thus, it is difficult that 
the first air pre-heating temperature also 
exceeds 300 °C . 

This embodiment employs the high 
temperature heat exchanger 6 that uses, as the 
heat transfer pipe, ceramic which endures the 
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high temperature similarly to the pipe 4-2 of 
the gas blower 4 and has the excellent corrosion 
resistance. Thus, the combustion air can be 
pre-heated to 300 °C or more. The preheating 
temperature is different on the basis of a 
combustion gas temperature and a pre-heating 
air amount. However, in the computation 

example of the scale of the actual furnace, 
similarly to the conventional technique, the 
high temperature heat exchanger 6 carries out 
the heat exchange between the first air heated 
by the air pre-heater 8 and the combustion 
exhaust gas of 1200 °C. Hence, simultaneously 
with the preheating to 500 °C, the high 
temperature heat exchanger 6 can thermally 
sufficiently pre-heat the second air (the air A2 
blown into the free board 2 and the air A3 blown 
from the gas blower 4) to 200 °C. 

Naturally, as the air ratio becomes lower, 
the combustion temperature becomes higher. 
Then, when the total air ratio m is assumed to 
be 1.2, since the combustion air is pre-heated by 
the high temperature heat exchanger 6, the 
combustion substance having a low level heat 
generation amount of 1000 kcal/kg or more can 
be combusted at 1000 °C or more. 

In this embodiment, the gas blower 4 
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placed between the free board 2 and the 
post-combustion room 3, and the high 
temperature heat exchanger 6 placed between 
the p o s t - c o m b u s t io n room 3 and the gas cooler 7 
act as a thermal screen. Thus, it is possible to 
attain the combustion of the higher temperature 
in order to protect the radiation temperature 
drop. 

Fig. 10 shows a relation between the 
combustion air temperature and the 

temperatures of the fluid bed and the 
combustion exhaust gas. Then, it is a view 
showing the computation example when the first 
air amount is assumed to be 0.5 times the 
theoretical air amount and the partial 
combustion is carried out in the fluid bed. In 
Fig. 10, a white circular mark (O) indicates the 
temperature of the fluid bed (BED) when the 
first air is preheated to 200 °C, a black circular 
mark (•) indicates the temperature of the free 
board (FB) when the first air is preheated to 
200 °C and the second air is at 40 °C, a white 
rectangular mark (□) indicates the temperature 
of the free board (FB) when the first air is 
preheated to 200 °C and the second air is also 
preheated to 200 °C, a large black rectangular 
mark (■ ) indicates the temperature of the fluid 
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bed (BED) when the first air is preheated to 
50 °C, a small black rectangular mark ( ) 
indicates the temperature of the free board (FB) 
when the first air is preheated to 500 °C and the 
second air is at 40 °C, and an x mark (x) 
indicates the temperature of the free board (FB) 
when the first air is preheated to 500 d C and the 
second air is also pre-heated to 200 °C . 

As shown in Fig. 10, in the case of the 
high calorie refuse, it is possible to easily carry 
out the high temperature combustion. 
Preferably, it is necessary to drop the 
temperatures of the fluid bed and the 
combustion exhaust gas. However, in the case 
of the high calorie refuse, the pre-heating 
temperatures of the first air and the second air 
act the important role. For example, if the low 
level heat generation amount of the refuse is 
1500 kcal/kg, the temperature of the fluid bed 
can not be kept at about 600 °C , unless the first 
air pre-heating temperature is set to 300 °C or 
more. Thus, in order to keep the temperatures 
of the free board 2 and the p o s t - c o m b u s t i o n 
room 3 at 1200 °C, it is necessary to further 
pre-heat the second air. The upper limit of the 
temperature of the fluid bed is the temperature 
at which the reaction with alkali fusion salt and 
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the like cause the occurrence of fluid defect, 
and the lower limit thereof is the thermal 
decomposition temperature of the combustion 
substance and the temperature necessary for 
gasification. Usually, those ranges are 

between 400 °C and 900 °C . It is set to the 
proper temperature based on the property of the 
combustion substance. However, it is desired 
to be set to 500 °C to 800 °C in order to 
perfectly carry out the gasification and 
stabilize the combustion through slow 

combustion. 

As shown in Fig. 10, if the low level heat 
generation amount of the refuse is 2100 kcal or 
more, the temperature of the fluid bed becomes 
800 °C or more (refer to the curved line of the 
white circular mark) even if the first air 
pre - heating temperature is 200 °C. In this 

case, the reduction in the amount of the first 
air enables the drop in the temperature of the 
fluid bed. In order to drop the temperature of 
the fluid bed, it is possible to use the known 
approach for carrying out the water atomization, 
or installing the heat transfer pipe in the fluid 
bed (or a part of the fluid bed) to carry out the 
heat collection. 

If the low level heat generation amount of 



2 7 



the refuse is 1 500 kcal/kg, when the first air 
pre-heating temperature is set to 500 °C, the 
temperature of the fluid bed becomes about 
670 °C (refer to the curved line of the large 
black rectangular mark). If the temperature of 
the fluid bed is kept at 600 °C , the amount of 
the first air can be reduced. That is, the first 
air can be pre-heated up to 500 °C by using the 
high temperature heat exchanger 6 together with 
the known air pre-heater 8 to thereby carry out 
the two-stage pre-heating operation. Thus, it 
is possible to reduce the amount of the first air 
required to carry out the stable partial 
combustion in the fluid bed. 

Moreover, if the low level heat generation 
amount of the refuse is 1000 kcal/kg, the first 
air is pre-heated to 500 °C, which enables the 
temperature of the fluid bed to be kept at about 
400 °C (refer to the curved line of the large 
black rectangular mark). If the pre-heating 

temperature is 500 °C or less, it is necessary to 
increase the amount of the first air and increase 
the rate of the partial combustion in the fluid 
bed. The temperatures of the combustion gas 
in the p o s t - c o m b u s t i o n room 3 and the free 
board 2 are determined on the basis of the 
operational condition of the fluid bed and the 
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pre-heating temperature of the second air, if the 
total air ratio is fixed. As shown in Fig. 10, if 
the low level heat generation amount of the 
refuse is about 1900 kcal/kg or more, the 
temperature of the combustion gas becomes 
1200 °C or more (refer to the curved line of the 
black circular mark) without any second air 
pre-heating operation. In this case, it is 

necessary to cool the gas through the water 
atomization or the boiler. Of course, the 

thermal collection may be done in the fluid bed 
by increasing the rate of the partial combustion 
in the fluid bed. 

If the low level heat generation amount of 
the refuse is low such as 1000 kcal/kg, as shown 
in Fig. 10, it is possible to pre-heat the second 
air to about 200 °C to thereby set the 
temperature of the combustion gas to 1000 °C or 
more (refer to the curved line of the x mark). 

As mentioned above, it is possible to make 
the air ratio low and also possible to pre-heat 
the combustion air in the high temperature heat 
exchanger 6 and thereby attain the combustion 
at the high temperature between 1000 °C and 
1200 °C to further reduce the first air. 
However, in order to attain the perfect 
combustion at the low air ratio, it is important 
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to sufficiently mix and agitate the unburned gas 
and the combustion air. 

Typically, the capacity of the free board 2 
is determined by considering the necessary stay 
time and the dispersion of the fluid medium. 
However, since a velocity of the combustion 
exhaust gas is about 1 to 3 m/sec, the sufficient 
mixture is not done. Also, there is a limit in a 
method of spraying the limited amount of the 
second air from the circumferential furnace wall 
into the free board 2 and thereby improving the 
mixture of the unburned gas and the combustion 
air. For this reason, in order to reduce the CO 
concentration in the exhaust gas, the operation 
in which the total air ratio is about 2.0 is 
actually obliged to be carried out. 

In this embodiment, near the boundary 
between the free board 2 and the 
post-combustion room 3, the large number of 
pipes 4-2 made of the heat-resistant material as 
the gas blower 4 are placed on the plane 
orthogonal to the flow of the combustion exhaust 
gas. Then, the second air A3 is discharged 

oppositely to the flow of the combustion exhaust 
gas from the air discharge ports 4-3 of the pipes 
4-2. Consequently, the combustion exhaust gas, 
while mixed with this second air A3, is largely 
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circulated inside the free board 2. Thus, since 
the short-pass is removed, the combustion 
exhaust gas and the second air are sufficiently 
mixed, and the stay time is extended. Hence, 
it is possible to attain the perfect combustion. 

This embodiment is designed such that the 
structure member is not installed inside the 
free board 2 as much as possible. This reason 
is to avoid the trouble caused by the unburned 
substance, such as metallic mass and the like, 
mixed with the combustion substance and to 
regularly supply the combustion substance onto 

the fluid bed. 

Also, this embodiment is designed such 
that the air ratio of the free board 2 is 1.0 to 
1.2. This reason is to protect the deposition of 
char induced by the partial combustion in the 
fluid bed combustion unit 1 at the reductive 
atmosphere of the air ratio of 1.0 or less, and to 
combust the char and effectively utilize the heat 
generation amount of the combustion substance, 
and to consider the safety of the apparatus so as 
to avoid the unburned gas from being leaked 
from the furnace because of the variation in the 
pressure inside the furnace. 

Also, in this embodiment, the fluid bed 
combustion unit 1, the free board 2, the 
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post - combustion room 3 and the gas cooler 7 are 
integrated into the single unit. This reason is 
to set the temperature of the combustion gas to 
1200 °C or less to thereby establish the 
condition that dispersed ash is not easily melted, 
and to design the structure in which a flue 
where the fusion trouble of the dispersed ash is 
easily brought about is not installed. 

Fig. 11 is a schematic view showing a 
system configuration of another combustion 
apparatus according to the present invention. 
The configuration of the combustion apparatus 
in Fig. 11 differs from the combustion apparatus 
in Fig. 8 in that a boiler 15 is used as the gas 
cooler 7 and that a heat transfer pipe 16 is laid 
in a part of the fluid bed combustion unit 1 so 
as to enable the heat to be collected in the fluid 
bed combustion unit 1. The other structure is 
substantially equal to that of the combustion 
apparatus in Fig. 8. Thus, the detailed 

explanation of the operations of the respective 
members and the combustion control method are 
omitted. 

The combustion apparatus is designed as 
shown in Fig. 11. Consequently, if the high 
calorie refuse is defined as the targeted 
combustion substance, an energy efficiency of a 
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plant can be greatly improved. 

Fig. 12 is a schematic view showing a 
system configuration of another combustion 
apparatus according to the present invention. 
As shown in Fig. 12, this combustion apparatus 
is designed such that the gas blower 4 is placed 
just above the free board 2, and the high 
temperature heat exchanger 6 is placed just 
above the gas blower 4. That is, this is 

designed such that the post-combustion room is 
placed just above the free board 2. The other 
structure is equal to that of the combustion 
apparatus of Fig. 11. 

Due to the above-mentioned structure, the 
second air is blown into the exhaust gas from 
the gas blower 4. Thus, the circulating flow 
such as the above-mentioned embodiment is not 
generated inside the free board 2. However, a 
large number of eddies are generated in the 
downstream side of the gas blower 4. Those 
eddies enable the second air to be regularly 
mixed in the exhaust gas. Hence, the perfect 
combustion is done in the p o s t - c o m b u s t i o n room. 

Even if the combustion apparatus is 
designed as shown in Fig. 12, the energy 
efficiency of the plant can be greatly improved 
similarly to the case of Fig. 11. 
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As mentioned above, according to the 
present invention, the gas blower placed near 
the boundary between the free board and the 
post-combustion room blows the second air 
oppositely to the combustion gas. Thus, while 
the combustion gas and the second air are mixed, 
they are largely circulated inside the free board. 
Hence, the slight amount of the second air is 
used to surely enable the mixture of the 
combustible gas and the unburned substance. 

Also, the gas blower is configured such 
that the plurality of pipes are arrayed in 
parallel to each other near the boundary 
between the free board and the post-combustion 
room. Thus, the radiation from the combustion 
exhaust gas on the upstream side of the pipe 
row can be shielded to thereby protect the 
radiation temperature drop. 

Also, the fluid bed is set at the low air 
ratio, and the gasification two-stage combustion 
through the partial combustion is carried out to 
thereby enable the reduction in NOx. 

Also, the combustion of the high 
temperature and the high efficiency enables the 
suppression of the environmental pollution, such 
as the reduction in the hazardous organic 
chlorine compound represented by the PCDDs 
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and the precursor thereof and the like. 

Also, the execution of the high 
temperature combustion at the low air ratio 
enables the miniaturization of the combustion 
furnace body, the blower and the units in the 
gas processing system in the combustion 
apparatus. 

Moreover, as the result of the 
above-mentioned configurations, the operational 
cost can be reduced. In particular, in the case 
of the fluid bed, if the fluidized air amount can 
be reduced, it is possible to largely reduce the 
operational cost. 

In a case of a combustion facility having a 
boiler in which the boiler is used as a gas cooler, 
an energy efficiency of a plant targeting a high 
calorie refuse is improved. 

Advantageous Effects of the Invention 

As mentioned above, according to the 
combustion apparatus according to the present 
invention and the combustion control method for 
the same, the gas blower placed near the 
boundary between the free board and the 
p o s t - c o m b u s t i o n room blows the second air 
oppositely to the combustion gas. Thus, while 
the combustion gas and the second air are mixed, 
they are largely circulated inside the free board. 
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Hence, the slight amount of the second air is 
used to surely enable the mixture of the 
combustible gas and the unburned substance. 
Also, the gas blower can shield the radiation 
from the combustion exhaust gas on the 
upstream side to thereby protect the radiation 
temperature drop. Therefore, when the city 

refuses and the like are combusted, the 
reduction in NOx and the combustion of the high 
temperature and the high efficiency enable the 
suppression of the environmental pollution, such 
as the reduction in the hazardous organic 
chlorine compound represented by the PCDDs 
and the precursor thereof and the like 
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What is claimed is- 

1. A combustion apparatus designed 
such that said combustion apparatus includes- a 
combustion furnace; a free board following the 
combustion furnace; and a p o s t - c o m b u s t i o n room 
following the free board, and the 
post-combustion room is placed at a position 
deviated from a just top of said free board, 

wherein a gas blower for blowing a gas 
oppositely to a combustion gas flowing towards 
an exhaust port is placed near a boundary 
between said free board and said 

post-combustion room. 

2. A combustion apparatus according to 
claim 1, characterized in that said gas blower 
has a plurality of pipes arrayed at a 
predetermined interval and in parallel to each 
other, and a gas discharge hole to blow a gas in 
a direction opposite to the combustion gas 
flowing towards the exhaust port is formed in 
each of the pipes. 

3. A combustion apparatus according to 
claim 2, characterized in that the gas discharge 
hole formed in each of said plurality of pipes is 
formed such that its phase is separated for each 
pipe. 

4. A combustion apparatus according to 
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claim 1 or 2 or 3, characterized in that said 
pipe is made of j3 silicon carbide sinter. 

5. A combustion apparatus according to 
one of the preceding claims 1 to 4, characterized 
in that said combustion furnace is a fluid bed 
furnace, and a high temperature heat exchanger 
linked to said p o s t - c o m b u s t i o n room is placed, 
and a gas cooler is placed behind it. 

6. A combustion control method for the 
combustion apparatus according to claim 5, 
characterized in that a first air amount blown 
from a bottom of said fluid bed furnace is set at 
a theoretical air amount or less, and a partial 
combustion of a combustion substance is carried 
out in the fluid bed, and a temperature of a 
fluid bed combustion unit is kept at 400 °C to 
9 0 0 °C . 

7. A combustion control method for the 
combustion apparatus according to claim 6, 
characterized in that the first air blown from 
said bottom of said fluid bed is pre-heated to a 
predetermined temperature by using a two-stage 
pre-heating unit of an air pre-heater and said 
high temperature heat exchanger, and said first 
air amount is reduced to thereby reduce a heat 
generation amount in said fluid bed, and a 
temperature of the fluid bed is kept at 400 °C to 
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9 00 °C . 

8. A combustion control method for the 
combustion apparatus according to claim 6 or 7 , 
characterized in that a second air pre-heated by 
the high temperature heat exchanger is blown 
into said free board 2, an air ratio is set to 1.0 
to 1.5, and an oxidized atmosphere of a high 
temperature is generated, and said gas blower 
further blows the second air pre-heated by said 
high temperature heat exchanger, and a 
unburned gas and a combustion air are 
sufficiently mixed, and a combustion of a high 
temperature a high efficiency of 950 °C or more 
at a total air ratio of 1.2 to 1.7 is thereby 
carried out in said free board and said 
post-combustion room. 

9. A combustion control method for the 
combustion apparatus according to one of the 
preceding claims 6 to 8, characterized in that a 
temperature of said fluid bed, a temperature of 
said free board and a temperature of said 
post-combustion room are controlled by changing 
an air weight ratio between said first air, a 
second air blown into said free board and a 
second air blown from said gas blower, and 
respective air temperatures. 
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